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Glycogen  isolated  from  the  rat  tapeworm 
Hymenotepis diminuta by  a  mild  quantitative  pro- 
cedure  exhibits  a  sedimentation  coefficient  dis- 
tribution  characterized  by two distinct regions of 
molecular  weight  with  mean  S  values of 200  X 
10  -13  cm/dyne,  see  and  1500  X  10  -13  cm/dyne, 
see  respectively  (17).  This  distribution  is  char- 
acteristic for the physiological state of the organism, 
and differences in the incorporation of '4C-glucose 
into  both  the  high  and  low  molecular  weight 
components  as  a  function  of glycogen level have 
been  observed  (8).  These  two  components  may 
be synthesized  independently  from each  other  or 
interconversion may occur. A  consequence of such 
an interconversion would be the presence of both 
the high and  the low molecular weight glycogens 
within the same cell. 
Glycogen particles can be identified by electron 
microscopy  in  sections  of  intact  tissues  stained 
with  lead  salts  at  alkaline  pH  (11,  15,  19).  Al- 
though this reaction is not specific and its mecha- 
nism  is not  understood  (10),  the results obtained 
with it in several tissues agree with histochemical 
and biochemical data  (1,  2,  18) 
This report deals with some observations on the 
localization  of  glycogen  in  the  parenchyma I  of 
H.  diminuta  by  electron  microscopy  and  with 
a The term "parenchyma"  as defined in  The Zoology 
of Tapeworms by R.  A. Wardle  and J.  A.  McLeod, 
p.  17,  University of Minnesota Press,  1952 means in 
parasitology:  "a  loose  sponge-like  mass  of  tissue, 
enclosed by the skin,  within which are embedded the 
muscle,  nerves,  osmoregulatory  organs  and  repro- 
ductive organs." 
some aspects of its cytological organization which 
are relevant to the interpretation  of the results. 
MATERIALS  AND  METHODS 
Glycogen  was  isolated  and  characterized  by  the 
cold  water  procedure  of Orrcll  and  Bueding  (6, 
16).  It  was  determined  by  a  specific  micro- 
enzymatic method (4, 5) and all concentrations arc 
expressed  as  per  cent  glycogen per  g  wet  weight 
of  worm.  The  tapeworms  were  obtained  from 
rats  10,  16,  and  19  days  after  infection  with  10 
cisticercoids per rat.  The worms were removed as 
already  described  (8,  9)  and  immediately  im- 
mersed  in  chilled  fixative  after  a  brief  rinse  in 
Krebs-Ringer  bicarbonate  medium  (9).  Im- 
mature,  mature,  and  pregravid  proglottids  ac- 
cording to the terminology of Fairbairn  (9)  were 
studied.  The  fixative  was  either  1%  osmium 
tetroxide  or  6.25%  glutaraldehyde  in  0.1  M 
phosphate  buffer  pH  7.3  containing  0.001  M 
Ca  and  Mg.  The  glutaraldehyde-fixed  tissues 
were  postfixed  in  osmium  tetroxide  after  over- 
night  rinse  in  the  same  buffer  containing  0.1 
M sucrose.  They were dehydrated  in  ethanol  and 
embedded  in  Epon  812  (13).  A  few blocks  were 
embedded  in  prepolymerized  methaerylate  and 
polymerized  at  60°C.  Sections  were  cut  with 
glass  knives in  a  Huxley microtome  (Cambridge 
Instruments,  London)  and  stained  with  lead  ci- 
trate  (20)  sometimes  preceded  by uranyl  acetate. 
They  were  examined  in  a  Siemens  Elmiskop  I 
electron microscope at 80 kv. Thick sections from 
the same blocks (0.5 micron)  were examined with 
the  light  microscope  after  periodic  acid-Schiff 
754  B  R  I  E  F  N  O  T  E  S (PAS) staining (12).  Some sections were counter- 
stained with iron hematoxylin or stained with iron 
hematoxylin alone. 
RESULTS 
Biochemical 
The  concentration  of  glycogen  per  g  of wet 
weight of worm and the sedimentation coefficient 
distribution  of  their  isolated  glycogen  did  not 
change  significantly  with  age,  although  there 
was almost a  sixfold increase in the wet weight of 
the  organism  (Table  I).  In  every case  the  sedi- 
mentation  coefficient  distribution  was  charac- 
terized by two distinct regions with mean S values 
approximating 200  and  1500  X  l0  -u cm/dyne, 
sec respectively (Fig.  1). 
Identification of Glycogen in 
Electron Micrographs 
In sections stained with lead citrate, the glyco- 
gen particles ranged from 20 to 200 millimicrons. 
Their size and appearance were similar to those of 
glycogen molecules isolated from  H.  diminuta in 
negatively stained  preparations  07).  They were 
TABLE  I 
The  Effect of Age on Wet  Weight and Glycogen 
Concentration of H. Diminuta 
Period  of in  Worm  mean  Glycogen  % 
vivo  growth  wet  weight  wet  weight 
days  grams 
10  0.070  7.5 
16  0.373  8.0 
19  0.400  8.8 
located in the areas which appeared PAS positive 
by  light  microscopy.  Most  of  them  fell  within 
two size ranges: 20-40 and  100-150 millimicrons, 
corresponding to the two peaks of the sedimenta- 
tion distribution curve. 
Cytological Organization 
The  parenchyma  appeared as a  complex net- 
work  of  cells,  muscle  fibers,  and  apparently 
anucleated  sacs  containing  glycogen.  (Fig.  4). 
These  sacs  were  very  numerous  in  the  deep 
parenchyma.  By  light microscopy they were  in- 
tensely PAS positive (Fig. 3). After iron hematoxy- 
lin staining they appeared as extracellular spaces 
divided by dark, thin  strands (Fig. 2).  The elec- 
tron microscope, however,  revealed the  presence 
of a  surrounding  membrane  and  mitochondria; 
it left no doubt that they were cellular components 
and  not  extracellular  spaces  as  suggested  by 
Cheng and Dyckman (7) 
The  muscle  fibers  were  nonstriated  with  two 
types  of  parallel  myofilaments:  thick  and  thin 
(Fig.  7).  Occasionally,  flattened  agranular  cis- 
ternae  were  seen.  The  sarcolemma  exhibited 
characteristic  evaginations,  sometimes  over  5  /z 
long, into the surrounding parenchyma  (Fig.  7). 
These evaginations contained mitochondria, glyco- 
gen,  and  patches  of a  finely granular  material. 
Mitochondria were  also found  along the  muscle 
bundles,  just  inside  the  sarcolemma  (Fig.  5), 
sometimes  together  with  glycogen  particles.  No 
preferential localization of either  large  or  small 
glycogen particles was  observed,  but  in  a  given 
electron micrograph either type could  be  found 
(compare Figs. 6 and  7).  The few particles found 
within  the  myofibrils  were  of  the  small  type 
(Fig. 6). 
~60- 
Z 
4o- 
$ 
~- 20- 
. 
~o- 
8 
~o- 
b 
. 
500  1000  1500  2000 
SEDIMENTATION  COEFFICIENT 
I  '  [  '  I  '  I  '  I  '  I  '  I  '  I 
,500  1000  1500  2000  500  1000  1500  2000 
SEDIMENTATION  COEFFICIENT  SEDIMENTATION  COEFFICIENT 
FmURE  1  Comparison  of  sedimentation coefficient  distributions  of  cold  water-extracted  glycogen 
from H. diminuta isolated after various periods of in vivo growth. (a) 10 days' growth in vivo; (b) 16 days' 
growth in vivo; (c)  19 days' growth in vivo. 
BRIEF  NOTES  755 FIGURE ~  Light micrograph  of  parenchyma  of  H.  diminuta.  Section from an  Epon-embedded  block 
prepared  for electron microscopy. Stained with iron hematoxylin. The integument and the underlying 
basement membrane can be seen at left. The cavities at the right correspond  to the reproductive system. 
The cellular elements of the parenchyma appear  closely packed just below the integument,  where the 
individual cells are difficult to identify. Few cells  (e) can be seen in the central area or deep parencllyma, 
which also contains some muscle fibers  (m).  The space between cells and muscle fibers  appears divided 
into compartments containing vacuoles; these correspond to lipid droplets.  X  450. 
Two  major  cell  types  could  be  identified  in 
the parenchyma: the cell bodies of the integument, 
already  described  by  Rosario  (21),  and  the  cell 
bodies of the muscle fibers.  The cytoplasm of the 
first  cell  type  was  of  low  electron  opacity  with 
few  ribosomes,  large,  irregular  clear  vacuoles, 
and  clusters  of elongated mitochondria.  This  cell 
had  one or more Golgi complexes surrounded  by 
clear vesicles, identical to those found in the super- 
ficial layer  of the  integument  (Fig.  4  and  inset). 
No  glycogen  particles  were  found  in  the  integu- 
ment or its cell bodies.  The other cell type had  a 
basophilic  cytoplasm  with  numerous  free  ribo- 
somes,  a  well-developed  rough  endoplasmic 
reticulum,  and  characteristic  vacuoles  filled 
with a  finely granular material  (Figs. 4,  5  and 8). 
This cell sometimes contained clusters of glycogen 
particles  of  varying  size  (Fig.  8).  Such  cells 
were  the  nucleated  bodies  of  muscle  fibers,  to 
which they were joined either by direct apposition 
of their cell bodies  (Fig.  8)  or by means of a  thin 
cytoplasmic  stalk  (Fig.  5).  Connections  by  thin 
cytoplasmic bridges have also been found between 
the  anucleated  sacs  and  the  muscle  cell  bodies. 
(Fig.  8). 
DISCUSSIO:N 
The cytological organization of the parenchyma of 
H.  diminuta  is  extremely  complex  due  to  the  ir- 
regular  and  dendritic  shape  of  its  components. 
The  possibility  that  the  muscle  fibers  were  con- 
nected  to  cell bodies had  already  been  suggested 
in  the  early  literature  (3,  24,  25;  see  23  for  dis- 
cussion),  but  the  existence  of  the  connections 
could  not  be  proven  with  the  light  microscope. 
Much  of  the  existing  confusion  found  in  these 
756  n  a  i  E  r  N  O  v  E  s Fm~-aE  3  Light mierograph of section adjacent to the one shown in Fig. ~,  but stained by the PAS 
technique and counterstained lightly with iron hematoxylin. Most of the PAS-positive material is located 
in the spaces between cells and muscle fibers which in Fig. ~ appear divided into compartments. Some thin 
strands  of PAS-positive material are also seen between the cells located just under the integument and 
also in the muscle fibers,  between the individual bundles.  X  450. 
reports  can  be explained by  the  small size of the 
cells. 
In our study numerous cytoplasmic connections 
were observed between the anucleated parenchymal 
sacs  where  the  glycogen  stores  are  located  and 
either the muscle fibers or their cell bodies.  Such 
complex  muscle  cells  would  not  be  unique; 
comparable  cells with  a  contractile  portion  mor- 
phologically distinct from the  nucleated cell body 
containing  the glycogen stores have been demon- 
strated  in  Ascaris  lumbricoides by  electron  micros- 
copy (22). 
The large number of finger-lik  e evaginations of 
the  sarcoplasm  observed  in  H.  diminuta  suggests 
that  the  connections  may  be  more  numerous 
than  actually  observed.  The  appearance,  size, 
and  the  large  number  of  glycogen  storage  sacs 
found  in  the  deep  parenchyma,  relative  to  the 
small number of nucleated cells, support  the view 
that  these  sacs are  not merely tangential  sections 
through  the  periphery  of cells  but  are  real,  sac- 
like evaginations. 
Most of the glycogen of the organism was found 
in  the  sacs,  although  the  muscle  fibers  and  their 
cell bodies also contained glycogen. The existence 
of a  purely parenchymal cell whose main function 
would  be  the  storage  of  glycogen  could  not  be 
confirmed. Such a cell was postulated by Lumsden 
(14) who claimed that it contained both large and 
small glycogen particles while only small particles 
could  be found  in  the muscle.  In contrast  to this 
report,  our  results  show  that  particles  of  both 
sizes  are  randomly  distributed  throughout  the 
parenchyma,  although  either  type  may  appear 
as  predominant  when  only  a  small  field  is  ex- 
amined.  Such  a  lack  of correlation  between  the 
size of the  glycogen particles  and  the function  of 
the  cells in  which  they  are  located  has  been  re- 
B  R  I  ~  F  N  O  T  E  S  757 FIGURE 4  General view of the parenchyma with the electron microscope. A muscle cell (rac) is seen at 
the top, and portions of three cell bodies of the integument (ic)  at the bottom. Apparently anucleated 
sacs containing glycogen (ps)  are numerous. The inset shows a  Golgi  complex surrounded by charac- 
teristic small vesicles in a cell  body of the integment~ OsO4 fixation, epoxy embedment, lead citrate stain. 
X  6000; inset X  18,000. 
758 FIGURE 5  Cross-section of a muscle fiber with its nucleated cell body in the deep parenehyma. The con- 
tinuity of the cell membrane enclosing both the fiber and the dense cytoplasm of the cell body can be seen 
in greater detail in the inset, which shows the connecting zone (arrows)  of a similar cell at higher magnifi- 
cation. OsO4 fixation, methacrylate embedment. The glycogen storage sacs are not seen, because pre- 
sumably they were destroyed during the preparation procedure. This has made it possible to distinguish 
the connection more clearly. N, nucleus; mi, mitochondrion; m, muscle fiber; C, cytoplasm of cell body. 
X  14,000; inset: X  ~5,000. FIOURE 6  Longitudinal section of a  muscle fiber (m.) and adjoining parenchymal sac  (ps).  In this field 
only small glycogen particles  (s.  gl.)  are found in the muscle fiber and mostly large ones  (1.  gl.),  in the 
parenchymal  sac.  Mitochondria,  mi.  Glutaraldehyde-OsO4  fixation,  epoxy  embedment,  lead  citrate 
stain.  X  50,000. 
FIGtrRE 7  Detail of the periphery of a muscle fiber in the deep parenchyma, m, muscle fiber; pro, plasma 
membrane;  gl,  glycogen; ps,  parenchymal  sac.  Glutaraldehyde-OsO4 fixation,  epoxy embedment,  lead 
citrate stain. Oblique section. Large and  small glycogen particles together with mitochondria  (mi)  and 
patches  of a  homogeneous matrLx  (h)  are present  in the  sarcoplasmic evaginations.  At variance with 
Fig. 6~ this figure shows only small glycogen particles in the parenehymal sac.  X  40,000. FIGURE 8  Muscle cell body directly apposed to a muscle fiber (m) and connected to an adjoining glyco- 
gen storage sac (arrow). The cell body also contains glycogen particles at bottom right. Sections of three 
smaller muscle fibers are also seen (m~). The muscle cell  has a  clear nucleus  (N)  and numerous cyto- 
plasmic vacuoles (v). The inset shows the connection (arrow)  between the cell body and the storage sac at 
higher magnification. Glutaraldehyde-OsO4 fixation,  epoxy embedment, lead  citrate  stain.  X  8,000; 
inset, X  16,000. 
B  R  I  E  F  N  O  T  E  S  761 ported  in  the  literature  for  other  tissues.  Thus, 
the glycogen body of the chick and brown adipose 
tissue,  which function  as  storage  sites,  have  been 
reported to contain mostly small glycogen particles 
(18,  19),  and  the complex muscle cells of Ascaris 
contain  a  mixture  of glycogen  particles  of both 
sizes  (22). 
A  similar lack of correlation between molecular 
weight  and  the  sum  total  of  glycogen  turnover 
was found  in H.  diminuta. As the glycogen level of 
the organism decreases,  there is a  decrease in the 
molecular  weight  of  both  molecular  weight 
fractions;  these  changes  are  reversed  when  the 
gIycogen  concentration  returns  to  its  original 
level.  When  the  glycogen  level  of  the  worm  is 
high,  the  turnover  rate  is  greater  in  the  high 
molecular  weight  fraction,  but  the  reverse  is 
true  in worms with very low glycogen levels (8). 
While  the  physiological  significance  of  these 
changes  is  not  known,  they  preclude  any  over- 
simplification  in  considering  one  or  the  other 
molecular weight component as the storage form. 
SUMMARY 
The distribution of glycogen in the parenchyma of 
H.  diminuta  containing  normal  concentrations  of 
glycogen (8 % of wet weight) has been investigated 
by  electron  microscopy.  Two  cell  types  were 
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